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Abstract— In computational molecular biology, gene 
regulatory  binding  sites prediction in  whole genome remains 
a challenge for the researchers. Now a days, the genome  wide 
regulatory binding  site prediction tools required either direct 
pattern sequence or weight  matrix. Although  there  are 
known transcription factor binding sites databases available 
for  genome wide prediction but no tool is available which can 
construct different weight matrices as per need of user or tools 
available for large data set scanning by first aligning the input 
upstream or promoter sequences and than construct the 
matrices in different level and file format. Considering  this, 
we  developed a  DNA-MATRIX tool for searching  putative 
regulatory binding  sites in gene upstream sequences. This 
tool  uses the  simple biological rule based heuristic algorithm 
for  weight  matrix construction,  which can be transformed 
into different  formats  after motif alignment and therefore 
provides the possibility to identify the most potential 
conserved  binding  sites  in  the  regulated genes. The user 
may construct and save specific weight or frequency matrices 
in different form and file formats based on user based 
selection of conserved aligned block of short sequences ranges 
from 6 to 20 base pairs and prior nucleotide frequency before 
weight scoring. 
Keywords: File format, weight matrix and motif 
prediction. 
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INTRODUCTION 
The most important functional element in any genome is the 
transcription factor (TF) and the sites within the DNA to 
which they bind called as transcription factor binding sites 
(TFBS). Despite considerable efforts to date, these sites 
identification remains a challenge in computational molecular 
biology. Researchers have  taken different  approaches in 
developing motif  discovery  tools  and the  progress  made  in  
this area  of research  is very  encouraging. TFBS are usually 
short (~ 5-15 base pair [bp]) and they are frequent in 
degenerate sequence motifs. Although degenerate consensus 
sequences are frequently used to depict the binding 
specificities of TFs, they do not contain precise information 
about the relative likelihood of observing the alternate 
nucleotides at the various positions of a TFBS. A common 
way of representing the degenerate sequence preferences of a 
DNA-binding protein is by a position weight matrix, also 
known as a position specific scoring matrix (PSSM). The 
elements of PSSM correspond to scores reflecting the 
likelihood of a particular nucleotide at a particular position. 
Recent advances in  genome  sequence  availability  and in  
high–throughput gene expression analysis methods have 
allowed for  the development  of  computational methods  for 
regulatory motif finding. As a result, a large number of motif 
finding algorithms have been implemented. So far no such tool 
is available to construct the user based weight matrices at one 
place through non-aligned input non-coding sequences. Earlier 
algorithms [9,11,20] use promoter sequences of co regulated 
genes from single genome and search for statistically 
overrepresented motifs. Recent algorithms are designed to use 
phylogenetic footprints or orthologous sequence set.  All the 
tools made somehow predict the 50 to 80% correct binding 
sites but at the same time they predict the false positives or in 
other words we can say hypothetical novel binding sites, 
which may or may not be a real binding site. Since we mostly 
compare the predictions based on available database size of 
transcription factor binding sites, but at the same time, if we 
think biologically, all the binding sites are not reported or 
discovered so far. Thus, it might be possible to identify or 
discover in future after completion of sequencing projects of 
most of the diverse family organisms. It takes some time but 
predictions are going on, therefore we cannot ignore all these 
predictions or motif discoveries at present, which might be 
true in future. Based on it we developed a tool for motif 
discovery from non-aligned sequences, but it should be 
coregulated or coexpressed or orthologous. This is because all 
the evolutionary functional sites remain unchanged during the 
evolution. Thus our tool predict the conserved blocks based on 
multiple sequence alignment and show the local regions which 
are similar in nature and accordingly score the block based on 
multiple alignment scoring scheme. Now users can chose the 
functionally conserved blocks and predict the alignment or 
weight matrix in different formats and also get the logo 
representation of conserved motifs. Even user can predict the 
exact binding site width or length of nucleotides which are 
necessary for regulatory protein or transcription factor binding 
sites. These features are not so far covered in any available 
web tools and therefore DNA-MATRIX tool revealed the 
biological highlight of unexplored molecular phenomenon as 
compared to other tools which are mostly some bound with 
algorithm or machine learning methods. These approaches in 
biological system are not upto the mark and therefore 
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integrated approaches are used to understand the complex 
biological processes [1,4,5]. It is now evident that most of the 
motif finding or discovery tools have been shown to work 
successfully in lower organisms, but perform significantly 
worse in higher organisms [2,6,7,10]. Over the past few years, 
numerous tools have become available for the prediction of 
gene regulatory binding sites as in [18, 23]. Especially popular 
are those webtools  which  uses  known binding sites 
information collected in databases such as TRANSFAC  [13,], 
ooTFD [25], EpoDB [17],  TRANSCompel [10]. By using 
only limited data for motif prediction, it seems biased 
approach e.g, D-Matrix [22], TFsitescan [25], MATCHTM, 
TESS [17], AliBaba2 [8], SIGNAL SCAN [15], MATRIX 
SEARCH [3], MatInspector  [16], Fuzzy clustering tool [14], 
FUNSITE [10], Gibbs Sampling [12] and other  tools available 
on the web. Therefore to overcome this known binding sites 
biasness, we have  developed a  tool  called  DNA-MATRIX 
which  is a motif discovery as well as weight  matrix  
construction tool based  on non-aligned sequences and user 
friendly. One can chose any conserved block in the aligned 
input sequences for the development of weight matrix to 
search genome wide level similar sites or motifs through 
available tools such as PoSSuMsearch and/or RSAT-Patser. 
 
ALGORITHM 
DNA-MATRIX takes non-aligned DNA sequences as input 
and predicts the conserved blocks of different lengths, 
depending upon user expertise, one can select the appropriate 
block and then predict the frequency of each nucleotides at 
given position. This finally forms the matrix (n x m), where 
‘n’ refers four types of nucleotides i.e., ATGC and ‘m’ refers 
length of the block or putative binding site (motif). Based on 
nucleotide repetition, DNA-MATRIX can predict the 
frequency matrix, alignment matrix and weight matrix along 
with motif signature and logo representation. Also give the 
degenerate consensus sequence according to IUPAC/IUB 
convention as output results.  
Scoring of the weight matrix was done through following 
equation: 
Weighti,j = ln (ni,j+pi)/(N+1) ÷ pi 
 
Weighti,j = ~ ln fi,j / pi  
 
N - Total number of sequences 
ni,j - number of times nucleotide i was observed in position j of 
the alignment   
fi,j = ni,j /N = frequency of letter i at position j 
pi - a priori probability of letter i 
 
Positive weight i,j means that frequency letter i at position j of 
the  alignment is higher than a priori probability of this letter. 
Weight can be interpreted as an estimate of the free energy of 
the protein binding to this site. Informational content is higher 
for the alignment whose letter frequencies most differ from the 
a priori probabilities. Informational content is a measure of 
discrimination between the binding of a functional DNA 
sequence and an arbitrary DNA sequences.     
        The multiple sequence alignment method was 
implemented in the tool, which uses progressive dynamic 
programming algorithm for local alignments in related 
sequences in order to detect short conserved regions of motifs 
that may not be in the  same  positions. The acceptable matrix 
or block length is 6 to 25 bp based on reported known TF 
binding sites [25], which allowed the detection of both short 
and longer conserved motifs within the input sequences. 
Developed matrix represent the nucleotide conservation in 
each position of the motif and can be used to search for 
genome wide prediction of unexplored functional sites in non-
coding genomic sequences by using RSAT-Patser [19, 24] and 
PoSSuMsearch [22] tools. Besides, user can transformed the 
matrices in to different file formats, depending upon the other 
software requirement   or user need. Moreover, user can also 
change the matrix or conserved motif sequences in to raw 
input file format used for logo representation of nucleotides in 
each position through WebLogo program [21]. 
 
IMPLIMENTATION 
The software is developed in C and the program is wrapped by 
a Perl script. The top panel is used to paste the input sequences 
(or non-aligned) and to specify the name and width of motif 
(optional) to be search. The results panel contains few major 
sections: alignment blocks, consensus pattern/motif, frequency 
matrix, alignment matrix, prior frequency selection, weight 
matrix and signature sequence as per IUPAC code and logo 
representation. DNA-MATRIX can use both orthologous/co-
regulated genes upstream sequences as well as unknown 
multiple genomic sequences (minimum 6 sequence and 
maximum no limit, but length should not exceed more than 
400 bp in length for each input sequence). For testing, we used 
the unknown or random sequences as negative data set and 
also used known PurR transcription factor binding sites as 
positive data set for evaluation of tool prediction performance. 
Results showed that DNA-MATRIX successfully predict the 
true positive hits of Escherichia coli PurR transcription factor 
binding sites. Predictions performance showed 90% of 
accuracy. 
 
Merits of DNA-MATRIX tool 
 
DNA-MATRIX tool is comparable and much better than 
existing D-Matrix tool available at CIMAP website network 
domain (www.cimap.res.in) [22], because limitation of D-
Matrix tool is not to align the input short sequences and only 
consider known motifs for weight matrix construction. It also 
not included all the prior nucleotide frequencies of A/T:G/C 
ratios such as, 0.3:0.2, 0.2:0.3 and 0.4:0.1. It only covers 
0.3:0.2 prior nucleotide frequencies on the basis of available 
bacterial genomes, which showed this type of frequency and 
so exclude others. Following so, these limitations were 
overcome in the DNA-MATRIX tool, which first align the 
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input upstream sequences (unknown) by using multiple 
sequence alignment algorithm such as progressive dynamic 
programming used in ClustalW program 
(www.ebi.ac.uk/clustalw/) and other motif discovery tools and 
then on the basis of nucleotide conservation blocks, the rule 
based heuristic algorithm scored it and select the maximum 
score block of sequences. Later these highly conserved block 
(as selected by user) used for frequency matrix development 
and finally converted into weight matrix through standard 
scoring system as mentioned in the methodology section. 
Besides, we have also given option to user to select the 
appropriate prior nucleotide frequency before weight matrix 
generation in different formats. 
 
CONCLUSION 
 
The DNA-MATRIX tool predict the unexplored novel binding 
sites or motifs based on biological principle of evolutionary 
conservation in functional sites, which support the appropriate  
theoretical  concept for tool development. Motif prediction in 
whole genome or large data set remains a challenge for the 
researchers because of the complex process of regulatory 
genomics, since it is still poorly understood.  DNA-MATRIX 
uses the simple biological rule based algorithm or heuristic 
approach used in multiple sequences alignment algorithms, to 
search the conserved sites and later predict the weight matrix. 
These can be changed in to different file format as per need of 
user expertise and problem taken under study. This tool can be 
used for any DNA genomic sequences for motif discovery in 
short sequences and later applied to predict in large dataset 
such as genome level. We have covered all three types of 
nucleotide prior frequencies i.e., A/T:G/C ratio in the range of 
0.3:0.2, 0.2:0.3 and 0.4:0.1 in the tool, while deriving weight 
matrix, keeping in mind all sorts of bacterial genomic 
nucleotide frequencies reported so far. This will result in 
identification of great variety of different conserved motifs 
which might be regulatory in nature but reported yet. The user 
may construct and save specific weight or frequency matrices 
in different formats derived through user selected set of block 
or sequences. 
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